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FORE  WO  RD 

This  is  the  second  in  a  series  of  reports  describing  the  effects  of  cobalt- 
60  irradiation  to  the  brain  of  the  burro.  The  first,  AFSWC  TDR-62-96,  was 
published  in  January  1963,  and  presented  clinical  signs  and  symptoms. 

Captain  Engel  holds  degrees  ofPh.D.  andD.V.M,,  and  is  presently 
serving  with  the  Radiation  Effects  Laboratory,  Air  Force  Weapons  Labora¬ 
tory,  Kirtland  Air  Force  Base,  New  Mexico.  Miss  Cartwright  is  research 
technician,  College  of  Veterinary  Medicine,  University  of  Minnesota, 

St  Paul  1,  Minnesota.  Dr.  Spurrell  is  Associate  Professor,  Division  of 
Surgery  and  Radiology,  College  of  Veterinary  Medicine,  University  of 
Minnesota,  St  Paul  1,  Minnesota. 

Financial  support  of  the  research  work  was  furnished  by  the  United  States 
Air  Force  (Contract  No.  AF2^(601)-2160).  Dr.  Engel  was  supported  by  a 
Special  Fellowship  ( BT- 733)  from  the  National  Institute  of  Neurological 
Diseases  and  Blindness,  Public  Health  Service. 
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ABSTRACT 

Twenty-two  adult  male  burros  were  exposed  to  cobalt-60  radiation  to 
the  head  only.  Six  out  of  seven  receiving  600  r  died.  In  contrast,  six  out 
of  six  burros  receiving  200  r  survived. 

Acute  hematological  changes  observed  in  the  600  r  irradiated  group  were 
in  close  agreement  with  early  acute  blood  changes  observed  in  whole-body 
irradiation  of  burros  and  other  mammalian  species.  Early  hematological 
responses  were  valuable  prognostic  aids  for  determining  degree  of  brain 
and/or  pituitary  injury. 
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1.  INTRODUCTION. 

Tissue  of  the  central  nervous  system  appears  to  be  relatively  resistant 
to  injury  by  lower  doses  of  ipnizing  radiation,  although  symptoms  of 
neurological  deficit  occur  in  all  mammalian  species  following  large  radiation 
doses,  Neurological  examinations,  peripheral  blood  and  bone  marrow 
studies  are  frequently  used  to  evaluate  degrees  of  radioBensitivity. 

Kuhn  and  Brown*  exposed  the  brain  of  the  anesthetized  burro  to  cobalt-60 
radiation.  Neurological  abnormalities  were  noted  in  animals  exposed  from 
150  to  2216  rad.  A  hematological  response  was  characterized  by  a  leuko¬ 
cytosis  within  24  hours  post-exposure.  The  leukocytosis  was  chiefly  due  to 
an  increase  in  mature  neutrophils;  however,  immature  neutrophils  also 
increased  in  number  between  12  and  24  hours  post-exposure.  The  lymphocytes 
and  eosinophils  followed  erratic  patterns,  but  were  generally  depressed  in  the 
groups  that  received  the  highest  doses. 

It  is  evident  that  central  nervous- system  changes  accompanied  by  hema¬ 
tological  alterations  occur  at  relatively  low  doses  of  ionizing  radiations  in 
the  burro  when  compared  to  other  mammals.  For  this  reason  studies  on  the 
response  of  an  unanesthetized  burro  to  low  doses  of  gamma  radiation  to  the 
brain  were  indicated. 

2.  MATERIAL  AND  METHODS. 

Twenty-two  normal  adult  male  burros  were  paired,  as  closely  as  possible, 
according  to  color,  weight,  height,  disposition,  and  age.  Seven  pairs  were 
assigned  to  the  group  to  be  irradiated  with  600  r  and  four  pairs  to  the  200  r 
group.  One  animal  of  each  pair  served  as  a  control.  Each  animal  was  bled 
according  to  a  set  time  schedule  (table  1). 

Blood  for  the  studies  herein  reported  was  obtained  from  the  jugular  vein. 
Five  cubic  centimeters  were  withdrawn  into  a  tube  containing  2,  000  units  of 
heparin  sodium  solution.  Blood  smears;  were  immediately  prepared  and 
stained  with  modified  Wrights'  stain.  2  A  Model-A  Coulter  electronic  blood-  . 
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cell  counter  was  used  to  meter  the  red  and  white  blood  cells.  The 

hemoglobin  was  measured  by  the  cyanmethemoglobin  method  using  a  Coleman 

Jr.  Spectrophotometer.  The  packed  cell  volume  (PCV)  was  determined  by  the 

5 

microhematocrit  procedure.  Differential  cell  counts  were  recorded  accord¬ 
ing  to  the  various  cell  types  found  in  the  burro  (tables  3  to  6).  ^ 

Composite  graphs  were  made  for  all  blood  values.  The  absolute  blood 
values  of  each  animal  were  used  in  calculation  for  composite  presentations. 

The  mean  values  of  each  group  were  used  for  graphing.  The  95  percent 
confidence  interval  for  the  sample  standard  deviation  and  the  sample  standard 
deviation  of  the  mean,  for  the  period  of  -6  days  to  -2  hour  values,  were 
computed  as  described  by  Snedecor*1  (table  2). 

Irradiation  was  accomplished  using  cobalt-60  sources  arranged  to  simul¬ 
taneously  irradiate  the  brain  from  both  sides,  i.e.  ,  bilaterally.  ? 

3.  BE£IJLT£. 

a.  600  r  Group. 

The  hemoglobin,  hematocrit,  and  RBC  values  indicate  that  a  moderate 
degree  of  hemoconcentration  occurred  in  both  the  principals  and  controls 
(figure  1).  Maximum  response  was  the  period  immediately  following  sham 
and  actual  irradiation.  Return  to  pre-exposure  levels  was  noted  1. 5  hours 
following  the  peak  response. 

The  medium  and  small  lymphocytes  for  all  pairs  increased  and  then 
decreased  (figures  2,  3).  At  +  3.  5  hours  the  lymphocytes  of  the  control 
burros  returned  to  pre-exposure  levels  while  those  of  the  irradiated  ones 
continued  to  decrease  until  +  16.  5  hours.  At  +  3  days,  the  values  of  irradiated 
burros  were  still  slightly  below  normal,  ,  but  appeared  to  be  increasing  rapidly. 
The  number  of  large  lymphocytes  remained  constant  in  the  irradiated  and 
control  animals. 

Transitional  lymphocytes  and  monocytes  increased  slightly  in  the 
post-irradiation  period.  The  plasma  cellular  lymphocytes  and  plasma-call 
precui  aors  dropped  to  approximately  50  percent  of  normal  from  the  time 
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of  irradiation  until  +  32.  5  hours  after  which  they  gradually  increased  until 
the  sixth  week  post-exposure  ( figures  2,  3). 

Irradiation-induced  leukocyte  changes  were  noted  (figures  4,  5).  An 
initial  leukocytosis  occurred  within  +  1.5  hours  and  a  delayed  leukocytosis 
occurred  within  +9.  5  hours  post  irradiation.  The  delayed  neutrophilia 

i 

j  occurring  at  +9.  5  hours  was  observed  until  +24. 5  hours.  Segmented 

i 

|  neutrophils  decreased  by  +  40.  5  hours;  however,  a  neutrophilia  still  per- 

( 

\  sisted.  The  immature  and  stab  neutrophils  began  to  increase  at  +  5.  5  hours 

i 

|  and  reached  a  15-fold  increase  by  +  10.  5  hours.  A  gradual  decline  to  pre¬ 

irradiation  levels  occurred  by  +  32. 5  hours. 

Eosinophil  values  of  the  irradiated  burros  began  to  decrease  by  +4.  5 
hours,  reached  virtually  zero  by  +  12.  5  hours,  and  remained  there  until  death 

had  occurred  (figures  4,  5).  Six  out  of  seven  burros  died  in  the  terminal 

s'  7 

?  phase  of  a  hyperacute  radiation  syndrome. 

'  •  *; 

b.  ,2Qfl.X  Group- 

The  hemoglobin,  hematocrit,  and  red  blood  cell  values  were  much 

the  same  as  in  the  600  r  group,  indicating  an  initial  hemoconcentration. 

Irradiated  and  control  burros  exhibited  similar  hematological  patterns  from 

-6  through  +6  weeks  (figures  6—9).  A  few  transient,  abnormal  neurological 

7 

signs  were  noted,  but  no  deaths  occurred  in  this  group. 

4.  D(g.GV§$IQN. 

Considerable  experimental  evidence  supports  the  concept  that,  in  the 
blood  stream,  leukocytes  flow  in  the  marginal  regions  and  adhere  to 
capillary  walls,  and  that  epinephrine  and  physical  exertion  will  decrease  the 
plasma  volume  and  increase  the  size  of  the  circulating  granulocyte  pool, 

g 

although  not  increase  the  size  of  the  total  granulocytic  pool.  This  would 
explain  the  hemoconcentration  and  rise  in  leukocyte  numbers  during  the 
early  phases  of  sham- irradiation  and  irradiation  and  their  return  to  normal 
levels  after  removal  of  the  burros  from  the  stress-invoking  environment. 
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A  leukocytosis  consisting  of  two  peaks,  one  at  8  to  12  hours  and  one  at  24 
hours  post-exposure,  were  observed  in  a  number  of  species  exposed  to  whole- 

9 

body  irradiation.  Early  lymphopenia  and  neutrophilia  were  noted  in  the  rat 
during  the  first  24  hourB  following  large  whole-body  doses  of  X  ray.  ^ 
Eldred  and  Eldred^  reported  leukocytosis  due  entirely  to  a  rise  in  neutorphils 
1  to  5  hours  post-irradiation  in  the  monkey.  The  rabbit  exhibited  an  initial 
rise  in  absolute  heterophil  (proper  name  for  granulocytes  of  the  rabbit)  values 

i  -j 

at  12  to  24  hours  after  500  r  and  800  r  whole-body  doses  of  X  radiation. 

Man  and  swine  exhibited  a  neutrophilia  within  a  few  hours  after  whole-body 
14-18 

irradiation.  ~  Chimpanzees  showed  a  marked  neutrophilia  and  a  profound 

1 9 

decrease  in  lymphocytes  and  monocytes  within  30  hours  post- irradiation. 

The  dog  exhibited  granulcytosis  following  exposures  of  10  to  25  r  of  X  ray.  ^ 

A  leukocytosis  was  reported  in  the  burro  within  24  hours  after  whole-body 
irradiation. 

The  appearance  of  a  delayed  leukocytosis,  which  was  observed  only  in 
burros  exhibiting  gross  neurological  abnormalities,  may  have  been  due  to  a 
leukocytosis-promoting  factor  in  the  plasma  that  mobilized  granulocytes  from 
the  bone  marrow.  ’  The  increased  numbers  of  immature  forms  thrown 

into  the  peripheral  circulation  offer  more  evidence  in  favor  of  an  outpouring 

#  ,  ,  24-26 

of  the  granulocyte  marrow  reserves. 

27 

Dougherty  described  five  phases  in  the  lymphocytic  response  to  stress. 

In  Phase  1,  there  was  an  immediate  increase  in  lymphocytes  following  non¬ 
irradiation  stress.  This  rise  was  attributed  to  epinephrine  secretion  and 
physical  exertion.  Phase  2  was  the  development  of  lymphopenia  which  is 
mediated  by  the  adrenal-cortical  secretions  in  intact  animals.  Phase  3  was 
the  period  of  reconstitution  of  the  lymphocytes  from  the  lowest  lymphocytic 
level  to  the  normal  limits.  Phase  4  (overshooting  normal  limit)  and  Phase  5 
(return  to  normal  limit)  were  not  observed  in  the  burro  irradiated  to  the  brain. 

The  long-recognized  lymphocytolytic  effect  of  small  exposures  of  radiation 

is  dependent  on  pituitary- adrenal- cortical  mediation,  while  in  large  doses  the 

29 

direct  action  is  on  the  lymphoid  tissue. 
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Dougherty  and  White,  working  with  adrenalectomized  mice,  state, 

It  is  suggested  that  X  rays  exert  both  a  direct  and  indirect  effect 
on  lymphocytes.  The  direct  action  may  be  manifested  even  in 
the  absence  of  the  pituitary  or  adrenals,  whereas  the  indirect 
action  of  X  irradiation  on  lymphocytes  is  mediated  via  the 
pituitary- adrenal-cortical  mechanism. 

In  all  probability  only  the  circulating  lymphocytes  were  exposed  to  gamma 
radiation;  therefore,  the  major  factor  leading  to  the  lymphopenia  observed  in 
Phase  2  must  have  been  the  effects  of  the  pituitary- adrenal  mechanism. 

Further  evidence  that  the  lymphopenia  may  be  mediated  by  the  influence 

of  the  pituitary- adrenal  axis  was  found  in  the  response  of  the  circulating 

eosinophils.  The  eosinophil  count  serves  as  a  measure  of  reaction  of  the 

pituitary- adrenal-cortical  system  to  stress.  Injection  of  adrenal- 

cortical  hormones  or  ACTH  into  an  animal  will  produce  a  peripheral 
26  35-37  38 

eosinopenia.  '  “  Eldred  reported  a  49  percent  eosinophil  decrease  in 

the  first  to  third  days  in  the  monkey  irradiated  with  600  r  of  X  rays  to  the 
whole  body.  On  the  fourth  and  fifth  days,  eosinophils  were  seriously  depleted 
and  thereafter  were  scarce  up  to  the  fourth  week  at  which  time  the  cell 
rapidly  reappeared.  Kuhn  and  Brown1  noted  that  in  the  burro  irradiated  to 
the  head  the  peripheral  blood  pattern  of  eosinophils  was  similar  to  that  of 
lymphocytes. 

If  the  reader  accepts  the  pituitary- adrenal- axis  as  one  of  the  factors 
governing  numbers  of  circulating  eosinophils  and  lymphocytes,  then  the 
results  of  this  study  indicate  that  brain  and/or  pituitary  damage  caused  by 
gamma  radiation  and  eosinopenia  and  lymphopenia  are  correlated.  It  is 
suggested  that  the  degree  of  eosinopenia  neutrophilia  and  lymphopenia  can 
be  used  to  judge  the  severity  of  neurological  deficits  in  the  burro  after 
exposure  of  the  head  with  cobalt-60  gamma  rays. 
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5.  SUMMARY. 

Twenty-two  burros  were  paired  for  neurological  and  hematological 
studies.  Blood  collections  were  made  during  four  periods:  (a)  daily  from 
6  to  3  days  before  irradiation;  (b)  pre-sham  irradiation;  (c)  sham -irradiation; 
and(d)  post-irradiation. 

Seven  burros  received  600  r  and  four  burros  200  r  of  gamma  rays  to  the 
brain  from  bilateral-positioned  cobalt-60  sources.  Each  had  a  paired  con¬ 
trol  that  was  sham-irradiated.  Six  out  of  seven  burros  receiving  600  r  died 
in  the  terminal  phase  of  a  hyperacute  radiation  syndrome.  The  animals  that 
received  200  r  showed  few  transient  abnormal  neurological  signs. 

The  acute  hematological  changes  observed  in  the  600  r  irradiated  group 
were  in  close  agreement  with  early  acute  blood  changes  observed  in  whole- 
body  irradiation  of  burros  and  other  mammalian  species.  Early  hematological 
responses,  particularly  eosinophilia  and  neutrophilia,  were  valuable  prognos¬ 
tic  aids  for  determining  the  degree  of  brain  and/or  pituitary  injury. 


6 


RTD-TDR-6  3-3027 


Figure  1.  Composite  Graph  Showing  Red  Blood  Cells, 
Hematocrit,  and  Hemoglobin  Values  of  the 
Irradiated  and  Control  Groups 
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Figure  2.  Composite  Graph  of  Lymphocytes  of  the 
600  r  Irradiated  Group 


8 


RTD-TDR-63-3027 


Figure  3.  Composite  Graph  of  Lymphocytes  of  the 
600  r  Control  Group 
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Figure  4.  Composite  Graph  of  Segmented  Leukocyte*  of  the 
600  r  Irradiated  Group 
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fp  600  r  Control  Group 
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Figure  6,  Composite  Graph  of  Segmented  Leukocytes  of  the 
200  r  Irradiated  Group 
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Figure  7.  Composite  Graph  of  Lymphocyte*  of  the 
200  r  Irradiated  Group 
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Figure  8.  Composite  Graph  of  Segmented  Leukocytee 
of  the  200  r  Control  Group 
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Figure  9.  Composite  Graph  of  Lymphocytes  of  the 
200  r  Control  Group 


15 


RTD-TDR-63-  3027 


Table  1.  BLEEDING  SCHEDULE 


Identification  of 
blood  samples 

Event 

-6  day  to  -3  day 

Daily  --  pre-exposure 

Pre-sham  Irradiation  ( diurnal 

variation) 

-50  hour 

Corresponds  to  pre- irradiation  (-2  hr) 

-48  hour 

Corresponds  to  arrival  at  irradiation 
site  (0  hr) 

-47.  5  hour  to  -41. 5  hour 

Corresponds  to  post-irradiation 

Sham  irradiation 

-26  hour 

Pre-sham  exposure 

-24  hour 

Arrival  at  irradiation  site 

-23  hour 

Corresponds  to  immediately  following 
exposure  {0  hr) 

-22.  5  hour 

Return  from  irradiation  site 

-21. 5  hour  to  -17.  5  hour 

Post- sham  exposure 

-2  hour 

Pre -irradiation 

0  hour 

Arrival  at  irradiation  site 

+ .  5  hour 

Immediately  following  irradiation 

+  1.5  hour 

Return  from  irradiation  site 

+  2.  5  hour  to  +  24.  5  hour 

Hourly  post-exposure 

+  26 . 5  hour  to  +  36 . 5  hour 

Two-hour  intervals  --  post-exposure 

+  36.5  hour  to  +48  hour 

Four-hour  intervals  --  post-exposure 

+  3  days  to  +  7  days 

Daily  post-exposure 

+  2  weeks  to  +  6  weeks 

Weekly  post-exposure 
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Table  2.  MEAN,  X,  SAMPLE  STANDARD  DEVIATIONS  AND  SAMPLE  STANDARD 
DEVIATION  OF  THE  MEAN  S  X  FOR  PRE-IRRADIATION 
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White  blood  cells  SEG  -  Segmented  neutrophils  PCP  -  Plasma  cell  procursors 

PCL  -  Plasma  cellular  lymphoi 


Table  3.  ABSOLUTE  HEMATOLOGICAL  VALUES 
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